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Abstract—This senior project investigates various methods of 
packaging polymer LEDs.  The polymer LEDs fabricated in the EE 
422 Polymer Electronics lab use calcium cathodes.  While calcium 
acts as an excellent low work function electrode, it quickly oxidizes 
in the presence of oxygen or water.  Additionally, the intrusion of 
water can degrade the OC1C10-PPV electroluminescent polymer and 
the PEDOT polymer.  Therefore, in order to use these devices outside 
the inert atmosphere of a glove box, we must first apply a passivation 
layer that inhibits the deterioration of these materials.   
For this project I will test two packaging methods.  The first 
method involves melting indium over the calcium cathodes, and the 
second method uses aluminum duct tape to passivate the device.  
After packaging, I perform shelf-life and operating-life tests to 
determine the effectiveness of the each passivation scheme. 
 
Index Terms—Light-emitting diode, packaging, passivation, 
polymer LED, senior project. 
 
I. INTRODUCTION 
URING EE 422 Polymer Electronics, students have the 
opportunity to fabricate polymer LEDs and solar cells.  
The students perform most of the processing steps in the inert 
atmosphere of a glove box in order to prevent the deterioration 
of the materials in the devices.  The polymer LEDs, 
specifically, suffer from product life limitations due to the 
oxidation of the calcium cathodes and the breakdown of the 
polymer chains.  Not only must we protect the devices from 
elemental oxygen, but we must also prevent water, which 
actually diffuses more easily than oxygen, from penetrating the 
device and destroying the materials.  Due to these problems, 
EE 422 students cannot keep their completed projects or even 
remove their devices from the glove box for further testing. 
This project evaluates polymer LED packaging schemes that 
may possibly allow students to use polymer LEDs outside of 
the inert atmosphere of a glove box.  Particularly, I explore 
passivation techniques that hinder the oxidation of the LED’s 
calcium cathode and the breakdown of the OC1C10-PPV and 
PEDOT polymer layers.   
II. MOTIVATION 
Due to the polymer LED’s reactivity to oxygen, water, and 
other atmospheric gases, researchers generally perform most 
polymer electronic fabrication and experimentation within the 
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safe confines of a glove box.  For many experimental 
processes, such as analyzing the efficiencies of various 
electroluminescent polymers, a researcher may have no reason 
to remove the LED from the glove box.  Clearly, however, 
people cannot benefit from any scientific breakthroughs if 
researchers cannot practically apply their experimental results 
or use the sensitive materials outside of an inert atmosphere.  
Engineers must therefore devise passivation techniques that 
allow for the use of polymer LEDs in the environmental 
conditions outside of a glove box. 
 
III. CONTEXT 
During the EE 422 polymer electronics course, students 
work hard to fabricate functioning polymer LEDs, yet they 
only momentarily get to enjoy their finished products just prior 
to and during device characterization.  After testing and 
characterization, the students have no choice but to discard the 
LEDs since they fail outside of the glove box without proper 
protection.  This project will explore polymer LED packaging 
techniques that will let students enjoy the devices beyond the 
glove box. 
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Fig. 1.  Diagram of the backside of a polymer LED.  The dashed line 
indicates the outline of the aluminum passivation method, and the 
solid line indicates the outline of the indium passivation method. 
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IV. DESIGN REQUIREMENTS 
The packaging method must adequately seal polymer LEDs 
from reactive atmospheric gases and substances present 
outside of the glove box.  Epoxies work effectively as 
passivation layers; however, due to their inherent messiness, 
my advisor has prohibited their use inside of the glove box.  
Therefore, my design utilizes other packaging schemes that do 
no require epoxies or other messy chemicals. 
 
V. PROJECT SPECIFICATIONS 
During the first experimental iteration I test two passivation 
methods.  For the first method, I apply aluminum duct tape 
over the back of the LED substrate, allowing only 2-3 
millimeters at the substrate edge to allow for electrical contact 
with the ITO pads (See Fig. 1).  For the second method, I melt 
indium over the calcium cathodes of the LEDs.  Before 
performing these procedures on functioning devices, I first 
practice both methods on dead substrates.  These practice 
experiments allow me to identify difficulties in the procedure 
as well as any necessary changes in the steps. 
I perform two separate design-build-test iterations.  I must 
fabricate new LEDs since most, if not all, of the devices 
fabricated during the spring 2009 EE 422 lab no longer 
function properly.  Following the refined passivation 
procedures developed after the practice experiments, I apply 
both passivation schemes to some of the newly-fabricated 
LEDs, and I use the remaining unpackaged substrates as 
control samples.  After fabrication and passivation, I begin 
device characterization and testing.  For useful data 
comparison I must first perform all of the planned tests on the 
devices while they remain in the glove box.  After performing 
all characterization and tests within the glove box, I then 
remove the substrates from the glove box for environmental 
analysis and testing. 
For the second design-build-test iteration, I again fabricate 
new devices.  I perform the passivation methods to the new 
devices, and apply any lessons learned from the first 
experimental iteration.  Once removed from the glove box, the 
packaged LED must meet the following specifications: 
-They must have a continuous operating life of 10 hours 
maintaining a minimum of 50% their peak luminance. 
-They must have a shelf life of 7 days maintaining a 
minimum of 50% their peak luminance. 
I will use a test jig to measure the light output form the 
devices.  Once I determine the best packaging method, I will 
fabricate and package new LEDs for my final test and analysis.  
Depending on the packaging’s effectiveness and time 
limitations, I may evaluate these LEDs over a longer period. 
 
VI. COST ESTIMATES 
 
Table I lists the cost and quantity of each item necessary to 
perform this experiment.  This table also includes approximate 
facility usage fees that I might expect to pay if I were to 
purchase lab and equipment time at a similarly equipped lab.  
The estimated 50 hours of lab usage does not include the time 
accrued while running overnight tests on the devices.  
 
VII. ABET REQUIREMENTS 
A. Economic 
We must first assume that researchers can develop a 
polymer LED with an efficiency, luminance, and cost 
competitive with commercially available light sources.  Given 
this assumption, creating a marketable lighting solution using 
polymer LEDs necessitates a cheap and reliable packaging 
method.  Clearly, consumers have no desire for a lighting 
product that breaks the moment they expose it to typical 
environmental conditions.  Rather, consumers demand a 
polymer LED lighting product that has a long shelf life and a 
long operating life – two aspects of the polymer LED that the 
packaging affects the most. 
TABLE I 
ESTIMATED COSTS OF MATERIALS AND LABOR FOR THIS EXPERIMENT 
Item Qty Cost Units Total Cost 
Indium 1 $50.00  /unit $50.00  
Aluminum duct tape 1 $10.00  /unit $10.00  
Substrates for new devices 10 $5.00  /unit $50.00  
OC1C10 50 $1.00  /mg $50.00  
PeDOT 0 $-    /mL $-    
Acetone 2 $10.00  /500mL $20.00  
Isopropyl alcohol 2 $8.00  /500mL $16.00  
Toluene solvent 1 $20.00  /L $20.00  
Calcium pieces  6 $5.00  /piece $30.00  
Silver pieces 6 $10.00  /piece $60.00  
3’ length of ¾” PVC pipe 1 $3.00  /unit $3.00  
¾” PVC pipe cap 1 $1.50  /unit $1.50  
Male BNC connector 1 $5.00  /unit $5.00  
Neoprene washer 1 $1.00  /unit $1.00  
Wire 2 $-    /unit $-    
Photodiode 1 $60.00  /unit $60.00  
Rubber stopper 1 $1.50  /unit $1.50  
Black paint 1 $6.00  /unit $6.00  
Foam paint brush 1 $1.00  /unit $1.00  
Hack saw 1 $5.00  /unit $5.00  
Sand paper 3 $4.00  /unit $12.00  
Wire disconnects 1 $4.00  /unit $4.00  
Lab usage 50 $25.00  /hour $1,250.00  
Labor (lab technician) 50 $20.00  /hour $1,000.00  
Total estimated cost to run experiments: $2656.00 
This table lists the approximate cost and quantity of each item necessary 
to run the experiments for this senior project.  The table also lists the 
estimated facility usage fees and labor costs that an average lab technician 
could demand to perform the experimental processes. 
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 The packaging costs associated with polymer LEDs 
account for a nontrivial portion of the finished product costs.  
Manufacturers must not only consider the front-end fabrication 
costs associated with LED itself, but also the back-end costs of 
packaging.  Therefore, a cheap, reliable, and manufacturable 
packaging technique can significantly reduce the overall 
product cost. 
B. Environmental 
Researchers continue to put forth great effort to develop 
highly efficient and cheap lighting solutions using 
electroluminescent polymers.  Polymer LED lighting has the 
potential to replace inefficient incandescent bulbs as well as 
compact fluorescent bulbs that contain the toxic metal 
mercury.  However, rather than considering the environmental 
impact of the entire polymer LED fabrication process, I will 
only focus on the direct and indirect environmental impacts of 
the two packaging schemes employed for this project. 
The aluminum tape packaging method primarily utilizes 
aluminum, a material abundantly available in the Earth’s crust, 
to passivate the calcium cathodes of the polymer LED.  
Although aluminum extraction from bauxite requires 
incredible amounts of electricity, reclaiming usable aluminum 
from recycled products requires just 5% of the original input 
energy.  Aluminum’s wide availability and virtually 
inexhaustible supply lend itself as a suitable passivation 
material for a mass-produced product such as LED lighting. 
As with aluminum, the mining and refining of indium ore 
requires vast amounts of energy and natural resources.  
Increasing indium demand, primarily due to LCD display and 
CIGS solar cell production, will require additional mining 
developments that generate numerous environmental concerns. 
C. Sustainability 
As mentioned in the environmental analysis section, 
extremely large aluminum supplies potentially allow indefinite 
use of aluminum as a passivation layer (if manufacturers were 
ultimately to deem this the most suitable packaging technique).  
I cannot foresee why a manufacturing process that seals the 
polymer LED using an adhesive aluminum foil would require 
larges amounts of power.  I imagine, however, that maintaining 
the vacuums and inert atmospheres during fabrication would 
demand the most energy and resources. 
On the other hand, the mass production of LEDs using the 
indium passivation technique would require vast quantities of 
indium, a relatively rare and valuable metal.  The 
manufacturing technology for this type of packaging requires, 
in addition to the advanced vacuum and processing chambers, 
added heat to melt the indium onto the substrates.  Although 
indium melts at only 157°C, on a mass scale, the required 
power quickly adds up. 
D. Manufacturability 
Polymer LED fabrication uses relatively basic processing 
procedures and equipment compared to conventional 
semiconductor-based LEDs.  For example, while the active 
light-emitting region of conventional LEDs requires the 
delicate and expensive growth of the semiconductor substrate, 
polymer LED manufactures can spin on or even print 
electroluminescent polymer over exceptionally large substrate 
surface areas.  This manufacturing advantage alone provides 
great incentive for the push toward polymer LED lighting. 
Given the incredible technological capabilities for 
packaging modern nano-scale devices, I can safely presume 
that manufacturers already have the appropriate equipment, or 
they can easily design the equipment, capable of packaging 
simple polymer LEDs.  The technology exists to implement 
virtually any packaging system; therefore, we must really focus 
on which passivation technique works most effectively. 
E. Ethical 
Without delving into a philosophical argument of ethics, I 
believe that, in general, that the push toward efficient polymer 
LED lighting will yield considerable benefit for Earth and 
mankind.  Every decision has its benefits and its costs, but 
overall I feel that the potential benefits of polymer LED 
lighting outweigh the associated costs.  This means, however, 
that engineering decisions may produce unethical, both 
expected and unexpected, repercussions.  The two packaging 
techniques in this project, for example, use aluminum and 
indium to protect the devices.  If manufacturers obtain these 
metals, specifically a valuable metal such as indium, from 
countries that condone the unethical treatment of the miners 
and refinery workers, then I would consider the entire business 
model unethical.  Luckily, as much of the aluminum and 
indium supplies originate in the United States and Canada, I 
believe that polymer LED manufacturing will not substantially 
sacrifice human welfare. 
F. Health and Safety 
Aside from the safety issues associated with mining and 
refining aluminum and indium, the fabrication and packaging 
of polymer LED devices do not pose significant health and 
safety risks to those performing the processes.  Most sources 
consider both aluminum and indium as non-toxic, even at high-
exposure levels.  Regardless, researchers and operators should 
still take practical safety precautions while dealing with the 
cleaning agents, hot surfaces, sharp objects, and other lab 
equipment used during fabrication. 
G. Political 
I will not make an argument for or against laissez-faire 
economics, but social change toward improved pollution and 
health standards occasionally requires political initiative such 
as monetary incentives and regulations.  For example, our 
politicians may decide at one point to reduce energy 
consumption from lighting and provide rebates to businesses 
and individuals who switch to more energy efficient lighting 
product such as polymer LEDs. 
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VIII. FIRST EXPERIMENTAL ITERATION 
A. Fabrication and Passivation Procedure 
This section outlines the procedures for fabricating and 
packaging the polymer LEDs.  One could potentially follow 
these procedures to reproduce similar devices to those built 
during this experimental iteration. For emphasis, this section 
does not include results, but rather it only summarizes the 
experimental procedure for fabrication and passivation. 
 
Polymer LED Fabrication 
For the general procedure, see the EE 422 Lab Manual [1].  
In addition to the procedures outlined in this manual, also 
evaporate 2500 Å of silver on top of the calcium cathode in 
order to reduce physical interaction between the passivation 
layer and the calcium.  Use the evaporation mask with four 
small LEDs per substrate. 
This experiment requires control substrates against which 
we can compare the test results we obtain from the packaged 
devices.  Therefore, be sure to fabricate additional LEDs 
designated for control purposes.  Fig. 1 depicts a finished 
substrate with the approximate outlines of the aluminum tape 
and indium passivation schemes. 
Immediately after fabrication, characterize each of the 
pixels according to the procedure outlined in the EE 422 Lab 
Manual.  This resulting data allows us to compare how LED 
performance changes before and after passivation. 
 
Indium Passivation 
Obtain scissors, two tweezers, a metal ruler (without the 
cork backing), a glass Petri dish with a cover, and a fine-tip 
Sharpie marker.  Clean these tools using isopropyl alcohol 
and/or acetone in the fume hood.  If appropriate, use the 
ultrasonic cleaners.  Allow the cleaned tools to dry completely, 
and then transfer them to the dust-free area. 
The indium foil has a width of 12.7 mm (0.5 in).  A 7 mm 
by 12.7 mm section provides enough indium, when cut in half 
widthwise, to cover two of the smaller LEDs.  Therefore, 
depending on how many small LEDs you plan to package, cut 
a sufficient length of indium foil from the roll.  Aim to use as 
little indium as possible due to its high cost. 
Hold the strip of indium foil with tweezers.  Using a cotton 
swab with isopropyl alcohol or acetone, clean the indium foil.  
Allow the indium to dry completely, and then transfer it to the 
dust-free area.  Using the ruler and the Sharpie marker, 
measure off 7 mm sections along the length of the indium foil 
strip.  Carefully cut the strip in half lengthwise, so that you 
have two long strips of indium foil.  Separate the 7 mm 
sections that you marked before.  Place all of the small pieces 
of indium foil into the Petri dish (or simply allow them to fall 
into the Petri dish as you cut them).  Cover the Petri dish with 
the lid. 
Place the Petri dish with the indium pieces and the two pairs 
of tweezers inside of the ante chamber connected to the right 
glove box.  Pump down and refill the ante chamber three 
times.  Carefully open the inside door of the ante chamber, and 
transfer the Petri dish and the tweezers to the inside of the 
glove box.  Seal the ante chamber. 
Turn on and set the hot plate to 185-190°C, and wait for it 
to heat up.  Since the hot plate can significantly heat the glove 
box, work carefully but quickly.  Using tweezers, grab a 
substrate.  Hold the substrate only by its edges with the 
calcium cathodes facing up.  Using the other pair of tweezers, 
grab a piece of indium foil.  Position the indium so that it 
covers the entire calcium cathode of a pixel.  Center it as best 
as possible.  Repeat this step for the three remaining pixels on 
the substrate. 
Without shifting the positions of the indium pieces, place 
the substrate onto the hot plate using a pair of tweezers.  
Closely watch the substrate.  When the indium melts 
completely over the calcium cathodes, remove the substrate 
from the hot plate using tweezers.  Hold the substrate 
momentarily to allow it to cool before placing it back into the 
substrate holder.  Repeat this process for the remaining 
substrates designated for indium passivation. 
Transfer the packaged substrates into the left glove box 
through the T-chamber.  Since the gases in the right glove box 
may contaminate the left glove box, pump down and refill the 
T-chamber before opening the chamber door into left glove 
box.  If possible, transfer both the aluminum-packaged 
substrates and the indium-packaged substrates simultaneously 
to conserve the nitrogen used while pumping and refilling the 
T-chamber.   
Remove any generated trash from glove box through the 
ante chamber.  Throw away the trash, and leave the work area 
as clean as or cleaner than when you started. 
 
Aluminum Tape Passivation 
Obtain a new, clean, 6” to 8” section of the aluminum-
backed duct tape after first discarding the outer layer of the 
tape roll.  Do not remove the paper backing from the adhesive.  
Using scissors, cut off just the outer edges of the tape (the 
exposed part of the tape roll).  In the fume hood, clean the 
aluminum surface and the paper backing using Kimwipes 
(dust-free tissues) with isopropyl alcohol or acetone.  Allow 
the tape to dry completely and then transfer it to the dust-free 
area.  Use a ruler to measure six to eight 24 mm by 24 mm 
squares from the aluminum tape.  Carefully use scissors to cut 
out the squares while trying to bend the squares as little as 
possible.  Place the completed aluminum squares into a Petri 
dish for transfer into the glove box.  Cover the Petri dish with 
the lid. 
Place the Petri dish with the aluminum squares and the two 
pairs of tweezers inside of the ante chamber connected to the 
right glove box.  Pump down the chamber, but this time don’t 
refill it.  Let the Petri dish sit in the ante chamber for around 
24 hours to allow any for any outgassing from the aluminum 
tape.  After around 24 hours, pump down and refill the ante 
chamber three times.  Carefully open the inside door of the 
ante chamber, and transfer the Petri dish and the tweezers to 
inside of the glove box.  Seal the ante chamber. 
Using a pair of tweezers, grab an aluminum tape square 
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from the Petri dish.  Hold the square upside-down (paper 
facing up).  Using the other pair of tweezers, carefully peel off 
the paper backing.  Try to bend the aluminum tape as little as 
possible.  Discard the paper backing.   
Using tweezers, grab a substrate using your free hand.  Hold 
the substrate only by its edges with the calcium cathodes 
facing up.  Carefully apply the aluminum tape to the substrate, 
centering it as best as possible.  Try not to create any air 
bubbles between the aluminum tape and the substrate.  It’s 
easiest just to position the square using the tweezers, and then 
lightly press the tape using your fingers to secure the tape in its 
final position.  Firmly slide the tweezer tip along the outside 
edge of the aluminum tape to create a seal.  Try not to touch 
any active areas (the areas that emit light), as that can destroy 
the polymer beneath the tape.    Repeat this process for the 
remaining substrates designated for aluminum passivation. 
Transfer the packaged substrates into the left glove box 
through the T-chamber.  Since the gases in the right glove box 
may contaminate the left glove box, pump down and refill the 
T-chamber before opening the T-chamber’s left door. 
Set aside the tweezers inside of the glove box so that other 
students know not to use them.  Remove any generated trash 
from glove box through the ante chamber.  Throw away the 
trash, and leave the work area as clean as or cleaner than when 
you started. 
B. Testing Procedure 
Apart from the initial post-fabrication characterizations, you 
must perform two different types of tests.  First, the operating-
life test measures how quickly the LED’s performance 
decreases under continuous operation.  Second, the shelf-life 
test measures how quickly the LED’s performance decreases 
while “sitting on the shelf” with minimum operation.  Before 
performing these tests outside of the glove box, however, you 
must first perform identical tests inside of the glove box – 
these tests provide useful benchmarks against which to 
compare the data obtained from the tests outside of glove box.  
After performing all necessary tests inside of the glove box, 
ensure that once you remove a device for environmental 
testing that you begin the test immediately since oxygen and 
water will begin to penetrate and degrade the device materials.  
Since the operating-life test requires less time to perform than 
the shelf-life test, start with the operating-life test.  However, 
before beginning any measurements outside of the glove box, 
you must first build the photodiode insert for the external test 
jig. 
 
External Test Jig Setup 
Before I could proceed with any testing outside of the glove 
box, I needed to prepare a suitable setup that would allow me 
to test the LEDs similarly to how I tested them inside of the 
glove box.  Professor Echols kindly provided me with a test jig 
frame for which I could build a photodiode insert consisting of 
a BNC connector wired to a photodiode enclosed within a 
PVC pipe.   
Fig. 2 illustrates my original concept drawing of the test jig 
insert.  When considering the various designs for this insert, I 
attempted to use only parts readily available at a typical 
hardware store such as The Home Depot. This approach may 
not have resulted in the professionally-machined designs of the 
photodiode inserts within the glove box, but it required much 
less time for assembly and cost significantly less.  
Nevertheless, the final product proves more than sufficient for 
the purposes of this experiment. 
Since the test jig cover, into which I place this insert, had a 
hole slightly smaller than the diameter of the of the ¾” PVC 
pipe, I had to sand down the diameter of the pipe until it would 
fit snugly into the test jig frame.  The photodiode insert should 
also prevent any external light from entering the inner chamber 
of the test jig.  Initially, however, the translucent PVC pipe 
transmitted light, so I painted the inner walls of the pipe with 
black paint. 
In addition to the parts shown in the original concept design, 
I included disconnects in the wires so that I could easily 
assemble and disassemble the insert for maintenance.  I 
soldered and added shrink tube to all of the permanent 
connections.  Also, I had originally planned to use 3M Double 
Sided Foam Tape to secure the photo diode at the end of the 
rubber stopper; however, I found that the wires’ ductility 
allowed me to position the photodiode in place without the use 
of the tape.  Finally, I used Teflon plumbing tape to firmly 
hold the PVC pipe cap in place.  Fig. 3 shows the final design 
drawing, and Fig. 4 shows photographs of the finished 
product.  Notice that the final design measures longer than the 
originally proposed design.  While sanding down the diameter 
 
Fig. 2.  Original concept drawing of the photodiode insert for the external 
test jig. 
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of the PVC pipe, I accidentally sanded too much along the 
length of the pipe, so in order to ensure that the cap fit snugly, 
I cut the pipe at a thicker location further down the pipe’s 
length. 
 
Operating-Life Test for the Indium-Passivated Substrate 
Even though the test jig’s pogo pins contact the indium, 
essentially shorting the pins together, you can still use the test 
jig for testing since the indium has a higher work function than 
the calcium it covers.  In other words, the electric current 
prefers to flow through the calcium rather than the indium, so 
the indium does not short out the device.  However, before 
performing the operating-life test on the indium-packaged 
substrate, you must first perform the test on an unpackaged 
control substrate.   
Obtain an unpackaged control substrate designated for the 
operating-life test, and load it into the test jig.  According to 
the EE 422 Lab Manual, use LabVIEW to characterize each of 
the LEDs on the substrate.  Based on the results from these 
characterizations, choose the pixel on which you want to 
perform the operating-life test.  Load the PLED-
LifetimeTestSuite.llb Virtual Instrument (VI) in LabVIEW.  
This VI allows us to record the LED voltage, current, 
luminance, efficiency, as well as photodiode current at regular 
intervals over a user-defined length of time.  Record the data 
for at least 10 hours while providing a constant current of 0.9 
mA.  Provide any other necessary parameters for the VI and 
begin the test.  After the VI finishes recording data for the 
control substrate, repeat the operating-life test, using the same 
test parameters as before, on an indium-packaged substrate 
inside of the glove box.  Next, perform the operating-life test 
outside of the glove box. 
Preconfigure the external test jig and LabVIEW so that you 
can begin environmental testing immediately after you remove 
your substrate through the ante chamber.  Based on the 
characterizations performed previously, choose another LED 
on which to perform the operating-life test outside of the glove 
box.  Take the indium-passivated substrate out of the test jig in 
the glove box.  Transfer the substrate through the ante 
chamber, and record the date and time at which the substrate 
contacts atmospheric gases.  Immediately place the substrate 
into the external test jig, ensure that the device works by 
manually supplying current to the pixel, and then begin the 
lifetime test using LabVIEW. 
 
Operating-Life Test for the Aluminum-Passivated Substrate 
Unlike with the indium-passivated substrate, you cannot use 
the test jig with the aluminum-packaged substrate since the 
aluminum tape covers the points at which the test jig’s pogo 
pins contact the ITO.  Alternatively, you must use alligator 
clips to grab onto the ITO pads of the substrate.  While this 
may initially prove difficult, especially with the bulky glove-
box gloves, with practice this task simplifies considerably.  
Due to the difficult nature of this procedure, you may not wish 
to perform characterizations and check IVs on each individual 
pixel on the substrate.  Therefore, choose a pixel on which you 
wish to perform the operating-life test based on the data you 
obtained from the post-fabrication characterizations of this 
substrate. 
 
(a) 
 
(b) 
Fig. 4.  (a) Photograph of test jig insert with tape measure for size reference, 
(b) Angle perspective of the insert with inset photo of the photodiode 
positioned below the rubber stopper.  The black line around the PVC pipe 
indicates the placement height of the insert within the test jig  
 
Fig. 3.  Final design of the photodiode insert for the external test jig.  Parts: 
(a) BNC connector, (b) rubber washer, (c) nut to secure BNC connector, (d) 
wire, (e) male/female disconnects, (f) Hamamatsu S1336-8BQ photodiode, 
(g) ¾” PVC cap, (h) ¾” PVC pipe, (i) 1” diameter rubber stopper.  In 
addition to these parts indicated, I also soldered and heat-shrinked all 
necessary connections. 
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Within the glove box, try to identify unused cables attached 
to the BNC feed-thru panel (otherwise, carefully disconnect a 
cable or two from the equipment in the glove box, and 
temporarily use the cable).  Using a BNC T-adapter as a 
female/female inline adapter, connect each alligator clip to the 
free BNC cables.  On the outside of the glove box, ensure that 
the cables on the opposite side of the BNC feed-thrus connect 
properly to the test equipment.  You should have already 
completed an operating-life test on a control substrate (as 
described in the previous section), but if you did not perform 
this step, do so now before continuing with the operating-life 
tests on the aluminum-packaged substrate. 
Obtain one of the aluminum-packaged LEDs.  Attach the 
alligator clip of the positive wire to the anode ITO pad (the 
large-area ITO) of the LED.  Attach the alligator clip of the 
negative wire to the cathode ITO pad (the small-area ITO) of 
the LED.  When attaching the alligator clips to the substrate, 
remember that you will have to place the test jig cover 
containing the photodiode above of the substrate and on top of 
the cables connecting to the substrate – this action will 
frequently cause the alligator clips to disconnect from the 
substrate.   Also, understand that light can enter the test jig lid 
(and therefore the photodiode) through the gap that the cables 
create between the glove box surface and the bottom of the test 
jig cover.  Although the LabVIEW VI accounts for this extra 
light by performing a baseline light measurement, you should 
still reduce this light’s effect by covering the glove box 
window with an opaque cloth (especially since the ambient 
light will change throughout the day). After successfully 
connecting the alligator clips to the LED and placing the test 
jig cover over the substrate, run a check IV and characterize 
the pixel.  Load the PLED-LifetimeTestSuite.llb VI in 
LabVIEW, modify the necessary parameters, and begin the 
operating-life test.  Again, record the data for at least 10 hours 
while providing a constant current of 0.9 mA. 
Preconfigure LabVIEW for a lifetime test outside of the 
glove box.  Based on the pre-fabrication characteristics, 
choose another pixel on which to perform the test.  Arrange an 
external test setup that uses alligator clips to connect to the 
ITO pads of the substrate.  Position the cables and alligator 
clips so that you can quickly connect the LED for testing as 
soon as you remove the substrate from the glove box.  Take 
the aluminum-passivated substrate out of the test setup in the 
glove box, and transfer it through the ante chamber.  Record 
the date and time at which the substrate contacts atmospheric 
gases.  Properly attach the alligator clips to the ITO pads of 
the device under test.  Carefully place the test jig lid on top of 
the substrate and cables without disconnecting the alligator 
clips from the ITO pads.  Begin recording data using 
LabVIEW.  Place an opaque cloth (without disturbing the 
connections!) over the test setup to reduce the amount of 
external light entering photodiode. 
 
Shelf-Life Test for the Indium-Passivated Substrate 
The shelf-life test for the indium-passivated substrates 
requires nearly the same setup that you used for the operating-
life test.  Recall that during an operating-life test, the source 
constantly powers the pixel throughout the length of the test.  
On the other hand, the shelf-life test requires that the source 
operates the pixel only when the multimeter or electrometer 
needs to take a measurement.  Additionally, for a shelf-life 
test, try to keep the pixel alive as long as possible by operating 
it less frequently and at a lower current. 
Select the indium-passivated substrate designated for the 
shelf-life test, and place it into the test jig inside of the glove 
box.  Manually operate each of the pixels to determine the 
device on which you want perform the test.  Load the VI called 
PLED-ShelfLifeTestSuite.llb; according to the aforementioned 
requirements for a shelf-life test, this VI operates the pixel 
under test only when the meter needs to take a measurement.  
Configure the VI so that it only performs measurements (one 
measurement at 4 V and another measurement at 0.2 mA) once 
every hour for at least five days.  Begin the test. 
Choose another pixel on which you will perform a shelf-life 
test outside of the glove box.  Before removing the indium-
packaged substrate, however, pre-configure the external test 
jig and LabVIEW.  Set up LabVIEW so that it takes 
measurements once every hour.  Since the pixels will likely 
fail more quickly outside of the glove box, only perform this 
test for two days.  Take the indium-packaged substrate out of 
the test jig inside of the glove box.  Transfer the substrate 
through the ante chamber, and record the date and time at 
which the substrate contracts atmospheric gases.  Load the 
substrate into the external test jig, and start the test. 
 
Shelf-Life Test for the Aluminum-Passivated Substrate 
As with the operating-life test performed previously, you 
cannot use a test jig for the shelf-life test of the aluminum-
packaged substrate.  Rather, you must still use alligator clips to 
contact the ITO pads and subsequently position the test jig lid 
above the substrate without disrupting any electrical 
connections. 
Arrange the cables and alligator clips inside of the glove 
box.  Obtain the aluminum tape packaged substrate designated 
for shelf-life testing.  Based on the post-fabrication data, select 
the pixel on which you would like to perform a shelf-life test 
within the glove box.  Connect the alligator clips to the pixel, 
and place the test jig lid on top of the substrate.  Load PLED-
ShelfLifeTestSuite.llb in LabVIEW.  Configure the VI to 
perform measurements (at 4 V and 0.2 mA) once every hour 
for five days.  Begin the test. 
Select another pixel from the aluminum-packaged substrate 
for a shelf-life test outside of the glove box.  Prearrange your 
external test setup so that you can immediately attach the 
alligator clips to the pixel and subsequently begin testing once 
you remove the substrate from the glove box.  Configure the 
shelf-life test VI to take measurements (at 4 V and 0.2 mA) 
once every hour for two days. 
 
C. Results 
This section discusses the fabrication, passivation, and 
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testing results obtained during the first experimental iteration.  
For clarity, I may repeat certain parts previously outlined in 
the experimental procedure section – understand that I do this 
intentionally in order to distinguish any deviations from the 
original procedure. 
 
Polymer LED Fabrication 
With Professor Braun’s assistance, I processed six 
substrates to use for this initial experimental iteration.  For the 
most part, we followed the steps outlined in the EE 422 Lab 
Manual to fabricate the LEDs.  We obtained six new substrates 
– two for indium passivation, two for aluminum tape 
passivation, and two control substrates with no passivation.  
Initially, I wanted to fabricate six substrates designated for 
indium passivation and six substrates designated for aluminum 
tape passivation.  Professor Braun, however, suggested that I 
should use fewer substrates while practicing the experimental 
procedures.  Certainly, at this point I still didn’t know whether 
or not the passivation methods would work successfully, so I 
preferred not to waste costly substrates on a flawed procedure.  
Furthermore, fabricating control substrates allowed me to 
perform various tests within the glove box without having to 
use LEDs on the substrates designated for passivation. 
I carefully inspected the new substrates and removed any 
noticeable particles using a cotton swab.  I cleaned the 
substrates in ultrasonic baths of acetone and isopropyl alcohol 
for three minutes in each bath.  After drying the substrates, I 
placed them into the UV ozone cleaner until PEDOT spinning. 
I acquired approximately seven inches of aluminum duct 
tape.  Within the fume hood, I wiped down the aluminum tape 
with a Kimwipe and isopropyl alcohol.  I moved the section to 
the dust-free area, and cut out six 24 mm x 24 mm squares 
from the aluminum tape.  I accidentally dropped two of the 
squares on the ground, so only four usable squares remained.  I 
placed the four aluminum tape squares into a clean glove and 
transferred them into the glove box. 
Without first cleaning the indium foil, I cut off a length of 
about 98 mm from the roll of indium foil.  I cut the section in 
half lengthwise to obtain two long strips of indium foil, and 
from these two strips I cut out 28 pieces of indium.  I placed 
the pieces into a Petri dish and transferred them into the glove 
box. 
For six substrates, I needed to dissolve 33.2 mg of OC1C10-
PPV in 6.7 ml of toluene.  I set the hot plate to a temperature 
of 50°C and used a stir bar spinning at 400 rpm to help the 
solid polymer dissolve overnight.  After approximately 14 
hours, Professor Braun filtered the solution into a small bottle 
for use after PEDOT application. 
Before applying PEDOT, I first had to perform a final 
substrate clean (as well as activate the ITO) by running the UV 
ozone cleaner for 15 minutes.  I set the maximum spin coater 
speed to 8000 rpm for 60 seconds, and I set the hot plate 
temperature to 125°C.  Using a pipette, I deposited enough 
PEDOT onto each substrate so that the solution fully covered 
the inner “square” formed by the substrate’s ITO pads.  After 
depositing the PEDOT, I immediately started the spin coater.  
When the spin coater stopped, I removed the substrate and 
placed it onto the hot plate for 15 minutes.  After coating the 
six substrates with PEDOT, I transferred them into the glove 
box. 
To apply the OC1C10-PPV EL polymer to the substrates, I 
used spin recipe number two (max spin speed: 8000 rpm, ramp 
rate: 5000 rpm/sec, spin time: 60 seconds) for the spin coater 
in the right glove box.  I deposited and subsequently spun 
about 0.5 ml of OC1C10-PPV solution onto each of the 
substrates.  After coating the substrates, I transferred them 
through the T-chamber into the left glove box.  I labeled the 
substrates sequentially from 1-6.  Table II lists how I packaged 
each substrate (or if I left it unpackaged as a control substrate) 
and whether I designated each substrate for an operating-life 
0
1000
2000
3000
4000
5000
6000
0 200 400 600 800 1000 1200
Time (s)
Th
ic
kn
es
s 
(Å
) Close Shutter
Open Shutter
 
(a) 
0
500
1000
1500
2000
2500
0 200 400 600 800 1000 1200 1400 1600
Time (s)
Th
ic
kn
es
s 
(Å
) Close Shutter
Open Shutter
 
(b) 
Fig. 5.  (a) The thickness of the calcium, and (b) the thickness of the silver at 
various intervals during the evaporation process.  These values represent the 
film thicknesses on the quartz crystal thin-film thickness sensor, not the 
thicknesses of the metals directly on the substrates.  However, we opened the 
shutter of the evaporator at 200 Å during each of the evaporations resulting 
in a final calcium thickness of 5011 Å and a final silver thickness of 1924 Å. 
  
TABLE II 
SUBSTRATE PASSIVATION METHOD AND TEST DESIGNATION  
Substrate # Indium Aluminum Tape Control 
1 Operating Life - - 
2 Shelf Life - - 
3 - Shelf Life - 
4 - Operating Life - 
5 - - Operating Life 
6 - - Shelf Life 
This table lists how I packaged each substrate (or if I left it unpackaged 
as a control substrate) and whether I designated the substrate for an 
operating-life test or for a shelf-life test 
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test or for a shelf-life test.  
To reduce interaction between the passivation layer and the 
calcium cathode, we planned to evaporate 2500 Å of silver on 
top of the calcium.  Silver evaporates well using any boat, but 
it evaporates best using a tantalum boat.  Since we didn’t have 
a tantalum boat inside of the glove box, we obtained a new one 
from the supply cabinet, and baked it in the sterilization oven 
for one hour at 125°C.  We transferred the tantalum boat into 
the glove box and installed it into the evaporator. Professor 
Braun cleaned the evaporator as best as possible using a 
mostly-clogged vacuum.  He placed two pellets of silver into 
the tantalum boat and two additional pieces of calcium into the 
tungsten boat.  Professor Braun reassembled the evaporator 
and started the pumping process to evacuate the chamber 
before we began evaporation.   
We first evaporated 5011 Å of calcium onto the substrates.  
Fig. 5a plots the calcium thickness at various intervals during 
the evaporation process.  I was unable to accurately record the 
thickness data between 0 and 688 seconds, so I linearly 
interpolated the data to produce a more useful graph.  I believe 
that between these two times we did not significantly change 
the current flowing through the tungsten boat, so I assume a 
constant evaporation rate during this interval.   
I initially wanted to evaporate about 2500 Å of calcium onto 
the substrates; however, we most likely set the current too high 
causing the evaporation rate to increase rapidly.  Since 
decreasing the current too quickly can crack the boat, we were 
forced deposit more calcium than desired.  A slightly thicker 
cathode should not reduce device performance significantly. 
Immediately after depositing the calcium, and without 
breaking the vacuum within the evaporator, we deposited 1924 
Å of silver on top of the calcium.  Fig. 5b plots the thickness 
of the silver as the process progressed.  I started recording data 
before we opened the shutter at 200 Å, so this data more 
accurately represents what actually occurred during the 
evaporation.  We observed that toward the end of the 
evaporation, the deposition rate dropped to zero even though 
we were still supplying sufficient current to evaporate the 
silver.  Indeed, we verified after opening the evaporator that 
we had used all of the silver we had placed into the tantalum 
boat; therefore, we can reasonably conclude that each pellet 
deposits nearly 1000 Å of silver onto the substrates. 
We cannot directly measure the actual film thickness in real 
time; so instead, we use a quartz crystal thin-film thickness 
sensor to measure the thickness indirectly.  This tool monitors 
the change in the crystal’s resonance as the evaporator 
simultaneously coats the crystal and the substrates.  From this 
change in resonance, the tool can calculate, with knowledge of 
the material’s density and acoustic impedance, the film 
thickness and the deposition rate of the evaporator.  Calcium 
has a material density of 1.55 g/cm3 and a acoustic impedance 
of 3.37 × 105 g/cm2·sec.  Silver has a material density of 10.5 
g/cm3 and a acoustic impedance of 16.69 × 105 g/cm2·sec.  
Therefore, the values in Fig. 5 represent thicknesses of the 
metals evaporated on the quartz crystal.  To calculate the 
actual film thickness on the substrates, I simply subtracted the 
thickness value at which we opened the shutter (200 Å for 
each of the evaporations) from final thickness indicated by the 
monitor.  After the evaporation, we removed the substrates 
from the evaporator and began post-fabrication testing. 
 
Post-Fabrication 
This fabrication run resulted in some of the brightest and 
most efficient LEDs ever produced within in the Cal Poly 
Polymer Electronics Lab using this batch of OC1C10-PPV 
polymer.  I hypothesize that the addition of the evaporated 
silver on top of the calcium cathode yielded this improvement; 
however, the silver has a higher work function than the 
calcium, so I can’t attribute this performance increase to 
improved electron injection into the electroluminescent 
polymer.  Certainly, the exact physical reason as to why these 
devices performed so well with the added silver is beyond the 
scope of this project – let it suffice to say that this 
phenomenon deserves further exploration. 
Fig. 6 plots the post-fabrication luminance and efficiency 
values for each pixel at an LED voltage of 5V.  On average, 
these pixels ran at 3.81 mA, and they had an average 
luminance of 911.0 cd/m2 and an average efficiency of 1.21 
lm/W.  For each batch of fabricated LEDs, I expect variations 
in LED quality and performance across the all of the substrates 
– some LEDs work poorly, yet others perform magnificently.    
Notice, for example, the unusually high efficiencies of pixels 
3b and 4b in Fig. 6b.  Anomalies in the fabrication process 
yielding low resistance current pathways through the polymer 
chains likely produced these outstanding pixels.  When tested 
at 5 V, pixels 3b and 4b clearly do not follow the general trend 
of efficiencies of around 0.4 lm/W that the other pixels follow.   
While these LEDs may have truly performed this well, I must 
designate these as outlier data.  Certainly, when I retested 
some of the pixels with unusually high or low luminances 
(pixels 1a and 4d) and efficiencies (pixel 3b) these luminances 
and efficiencies dropped to more typical values.  Therefore, 
without including the atypical results, the average luminance 
and efficiency values of all of the LEDs decrease to 798.31 
cd/m2 and 0.415 lm/W, respectively.  Despite this small drop, 
however, when compared to the average performance of a 
typical EE 422 LED, this fabrication run produced LEDs with 
nearly twice the efficiency at about four times the luminance! 
Fig. 7 plots the post-fabrication luminance and efficiency 
values for each pixel at an LED current of 0.9 mA.  At this 
lower current, the pixels ran at an average voltage of 3.71 V 
and appear to have more regular luminance and efficiency 
values with an average luminance of 185.6 cd/m2 and an 
average efficiency of 0.584 lm/W.  Running the LEDs at the 
higher voltage of 5 V seemed to create a distinction between 
the higher and lower quality LEDs – a process analogous to 
the failure tests performed during device burn-in.  Even though 
nearly all of the devices performed similarly at 0.9 mA, when 
stressed at 5 V, only 41.7% of the LEDs attained maximum 
luminances above the mean luminance of 798.31 cd/m2.  On 
the other hand, when tested at 0.9 mA, 70.8% of the LEDs 
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attained maximum luminances above the mean luminance of 
185.60 cd/m2.  During the operating life and shelf life tests I 
only want to use LEDs that performed well even while under 
high levels of stress. 
Fig. 8 plots the characterizations of pixel 3b – one of the 
best performing LEDs in terms of maximum luminance and 
efficiency.  Not only did this pixel perform well during the 
check IVs, but it also repeated these outstanding results during 
the full device characterization.  Unlike many of the other 
LEDs, this pixel maintained high luminance and efficiency 
levels even at high operating voltages.  At 5 V, this LED had a 
luminance of 2115.5 cd/m2 with an efficiency of 0.465 lm/W.   
 
Indium Passivation 
For this experimental iteration, I passivated two substrates, 
for a total of eight LEDs, using the indium passivation 
procedure outlined previously.  Pure indium nominally melts 
at 156.6°C; however, during one of the preliminary 
experiments, I observed that the indium foil melted onto the 
substrates only when the hotplate reached 180°C.  
Additionally, even at a hotplate temperature of 180°C, the 
indium would still take nearly 45-60 seconds before it would 
begin melting.  While the substrate glass may have provided 
some insulation between the hotplate surface and the indium 
foil, I doubt that this insulation significantly prevented the 
indium from melting, especially since the substrates have a 
thickness of only 1.08 mm.   Of course, the hotplate may not 
have displayed an accurate temperature reading, but I have not 
verified this.  To help expedite the melting, I tried placing a 
Petri dish lid on top of the substrate while the substrate 
remained on the hotplate, yet I noticed no significant decrease 
in the time it took for the indium to melt. 
When packaging the first substrate designated for indium 
passivation (substrate #1), I observed that even at a hotplate 
temperature of 180°C, the indium failed to melt onto the 
substrate.  Unfortunately, I forgot to record how long the 
substrate remained on the hotplate, but I believe it had to have 
sat there for at least four minutes before I decided to increase 
the hot plate temperature to 185°C.  Once again, even at this 
higher temperature, the indium simply would not melt.  I 
ultimately increased the hotplate temperature to 190°C, and 
finally, the indium melted.  For substrate #2, I kept the 
hotplate temperature at 190°C so that the substrate would not 
sit on the hotplate too long.  Again, I failed to record how long 
it took for the indium to melt, but I suspect that all of the 
indium melted within about one minute of placing the substrate 
onto the hotplate.  Now that I had packaged the substrates with 
the indium, I could proceed with testing. 
Since I could use the test jig with the indium-packaged 
devices, I began characterizing the substrates immediately 
after fabrication and passivation.  I first tested substrate #1.  
After performing a quick visual check of the LEDs on this 
substrate, I chose not to perform any full characterizations 
since the LEDs appeared to perform so poorly.  Next I placed 
substrate #2 into the test jig, and upon a visual check, I 
decided that the improved LED luminances, compared to 
substrate #1, warranted a full characterization.  Figs. 9 and 10 
compare the before indium passivation characterizations and 
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Fig. 6.  (a) Pixel luminance at constant LED voltage of 5V.  (b) Pixel 
efficiency at a constant LED voltage of 5 V.   
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Fig. 7.  (a) Pixel luminance at a constant LED current of 0.9 mA.  (b) Pixel 
efficiency at a constant LED current of 0.9 mA. 
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the after passivation characterizations of pixel 2b.  Before 
passivation, this pixel reached its peak luminance at 5 V of 
1387.76 cd/m2 with an efficiency of 0.511 lm/W.  After 
passivation, pixel 2b had a maximum luminance at 5 V of 
112.54 cd/m2 with an efficiency of 6.81×10-3 lm/W.  
Therefore, the addition of the indium passivation caused about 
a 91.9% drop in peak luminance and a 98.7% drop in 
efficiency at that peak luminance.  This polymer cannot 
withstand high temperatures for any significant length of time, 
so I suspect that the substrate’s long duration on the hot plate, 
rather than solely the hot plate’s high temperature, destroyed 
most of the OC1C10-PPV polymer.  For the next design-build-
test iteration, I may experiment with increasing the hot plate 
temperature so that the indium melts more quickly.  Even 
though the high hot plate temperature will still damage the 
polymer, overall I expect that this approach will do less harm 
since the substrate will sit on the hot plate for less time. 
 Because the devices on substrate #2 performed so poorly 
after passivation, I chose not to perform any tests outside of 
the glove box for this experimental iteration. 
 
Aluminum Tape Passivation 
I passivated two substrates, for a total of eight LEDs, using 
the aluminum tape passivation procedure.  The passivation 
process went smoothly, but I initially worried that the 
aluminum tape would short out the anodes and cathodes of the 
LEDs, especially after I scraped the tweezers along edges of 
the aluminum tape square in attempt to create an improved 
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Fig. 8.  Performance characteristics of pixel 3b - one of the best performing 
devices fabricated in this batch of LEDs.  At 5 V, this pixel has a luminance 
of 2115.5 cd/m2 with an efficiency of 0.465 lm/W. 
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Fig. 9.  Characteristics of the (a) LED current and (b) luminance of pixel 2b 
before indium passivation. 
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Fig. 10.  Characteristics of the (a) LED current and (b) luminance of pixel 2b 
after indium passivation. 
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seal.  However, as the tests validate, the tape’s adhesive 
appeared to sufficiently insulate the aluminum from the device 
electrodes. 
Unfortunately, the large aluminum squares prevented me 
from using a test jig to analyze the LEDs.  Instead, I had to use 
alligator clips to contact the ITO pads of each of the 
electrodes.  During the post-passivation testing inside of the 
glove box, I found it very difficult to attach the alligator clips 
to the substrate primarily because the toothless alligator clips 
kept bending and losing contact with the ITO pads.  
Additionally, even if I was able to get an LED to turn on, I still 
had to place the test jig lid on top of the substrate and cable 
without losing connection to the LED.  After about 30 minutes 
of trial and error, I successfully attached the alligator clips and 
subsequently placed the test jig lid above the LED.  For future 
reference, if I need to use alligator clips for further testing 
inside of the glove box, I will likely use toothed alligator clips.  
However, if possible I would prefer to use a test jig to measure 
the aluminum-packaged devices.   
I performed check IVs and characterizations on pixel 4b – 
Fig. 11 shows the LED characterizations before aluminum tape 
passivation, and Fig. 12 shows the LED characteristics after 
aluminum tape passivation.  Remember, however, that before 
passivation I used the test jig to acquire the characteristics 
shown in Fig. 11, and after passivation I used the alligator clip 
technique that yielded the results in Fig. 12.  Even though I 
used the same test jig lid in both circumstances, the LED 
distance, angle, and position under the photodiode differed in 
each case.  In other words, the results shown in Fig. 11 do not 
directly compare to those shown in Fig. 12.  Since substrate #4 
likely sat obliquely to the photodiode during the post-
passivation testing, the photodiode probably captured only a 
fraction of the light that pixel 4b produced. 
As noted previously, the test jig cover sat atop the BNC 
cables running to the alligator clips during the post-passivation 
testing.  While the LabVIEW VI measures and offsets the 
photodiode dark current (parasitic current flowing through the 
photodiode with the LED off – usually light leaking into the 
inner chamber of the test jig causes this extra current), the 
additional light entering through the gap, that the wires 
created, may have skewed the results as the ambient light 
changed throughout the day.  We attempted to reduce the 
effect of the external light, but I presume that placing the black 
cloth over the glove box window helped only slightly. 
Due to these aforementioned flaws in the post-fabrication 
testing procedure, we can use the results shown in Fig. 12 only 
as a relative measure of pixel 4b’s performance after 
passivation.  With this in mind, the pixel reached a pre-
passivation luminance of 820.99 cd/m2 at 4.2 V yielding an 
efficiency of 0.515 lm/W.  After passivation, pixel 2b had a 
peak luminance of 39.9 cd/m2 at 4.2 V with an efficiency of 
6.81×10-3 lm/W.  Therefore, the addition of the aluminum 
passivation caused a 95.1% drop in luminance and a 98.7% 
drop in efficiency at 4.2 V.  Again, for emphasis, this 95.1% 
drop in luminance does not mean that the aluminum packaging 
caused a greater performance drop than the indium packaging.  
Conversely, when operating the packaged devices, I visually 
observed that the indium-packaged LEDs emitted less light 
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Fig. 11.  Characteristics of the (a) LED current and (b) luminance of pixel 4b 
before aluminum tape passivation. 
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Fig. 12.  Characteristics of the (a) LED current and (b) luminance of pixel 4b 
after aluminum tape passivation. 
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than the aluminum tape packaged LEDs.  Therefore, I can 
safely conclude that the differences in the testing techniques 
prevent direct comparison between the results from the indium 
and aluminum tape packaging techniques. 
 
Operating-Life Test for the Indium-Passivated Substrate 
For this first experimental iteration I did not complete an 
operating-life test on the indium-packaged devices primarily 
due to my inability to access the polymer electronics lab and 
because I had not yet completed building the photodiode insert 
for the external test jig.  Furthermore, since the aluminum-
packaged substrates appeared to perform significantly better 
than the indium-packaged substrates, I justified allocating my 
limited time in the lab for an operating-life test on the 
aluminum-packaged substrates.   
 
Operating-Life Test for the Aluminum-Passivated Substrate 
During the operating-life tests for the aluminum-packaged 
substrates, I again encountered similar difficulties while using 
the alligator clips to connect to the pixels.  Even after 
successfully connecting to the pixel and performing the 
operating-life tests, however, the resulting data could not 
directly compare to previous measurements due to 
inconsistencies in the measurement technique.  However, 
according to the specifications of this project, I need to 
determine, first and foremost, how long it takes for the 
luminance of each pixel to fall to 50% of its peak value near 
the beginning of the test.  More explicitly, during each type of 
test, the device must maintain at least 50% of its peak 
luminance during that specific test. In order to meet these 
specifications, I do not absolutely need the actual luminance 
values; rather, I just need to know how long it takes a pixel to 
degrade to 50% of its peak luminance (dimensionless) level. 
Therefore, the data collected during this operating-life test still 
serves as a useful indicator of how well each individual pixel 
performs over the length of its life. 
I first preformed an operating-life test on the control pixel 
inside of the glove box for 13.5 hours running at a constant 
current of 0.9 mA.  Fig. 13 demonstrates the changes in 
luminance and efficiency as a function of time of an 
unpackaged control device inside of the glove box.  This 
figure indicates that it took the pixel 4.81 hours for the 
luminance to fall to 50% its peak value and 3.94 hours for the 
efficiency to fall to 50% its peak value. 
Next I measured, using the same test parameters as before, 
the operating-life of an aluminum-packaged pixel inside of the 
glove.  Fig. 14 shows that it took the aluminum-packaged pixel 
8.43 hours for the luminance to fall to 50% its peak value and 
6.73 hours for the efficiency to fall to 50% its peak value.  I 
next performed the same test on another aluminum-packaged 
pixel but outside of the glove box, but this time for only about 
1.56 hours.  Fig. 15 indicates that it took the pixel 0.43 hours 
for the luminance to fall to 50% its peak value and 0.36 hours 
for the efficiency to fall to 50% its peak value.  Unfortunately, 
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Fig. 13.  The operating-life test results of a control substrate inside of the 
glove box. This pixel ran for 13.5 hours at a current of 0.9 mA with the 
resulting (a) luminance and (b) efficiency shown above. 
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Fig. 14.  The operating-life test results of an aluminum-packaged device 
inside of the glove box. This pixel ran for 13.5 hours at a current of 0.9 mA 
with the resulting (a) luminance and (b) efficiency shown above.  Note that 
due to variances in the testing procedure, the values in these plots represent, 
at best, a relative measurement of the device performance.  Therefore, for 
these plots, the vertical axes remain dimensionless. 
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these results show that the aluminum-packaged substrates do 
not even come close to meeting the project specifications of a 
10-hour operating life. 
Much to my surprise, however, the data from Figs. 13 and 
15 reveals that the pixels on the aluminum-packaged substrate, 
while inside of the glove box, actually lasted longer than the 
pixels on the control substrate.  The results from Fig. 14 and 
Fig. 15 show that the luminance decreased 94.9% faster and 
the efficiency decreased 94.7% faster once I removed the 
aluminum-packaged substrate from the glove box.  Granted, I 
only performed one lifetime test inside of the glove box and 
one lifetime test outside of the glove box, so this small sample 
size does not definitively indicate the packaged pixel’s 
performance in environmental conditions.  However, based on 
these results I can safely say that once removed from the glove 
box, the packaged devices fail much more quickly.  
Nevertheless, this data does prove that the packaging works, if 
only for a relatively short time. 
 
Shelf-Life Testing 
During this experimental iteration I chose not to run shelf-
life tests on either the indium-packaged substrates or the 
aluminum-packaged substrates for four reasons.  First, only my 
aluminum-packaged devices produced enough light for a 
useful shelf-life test.  Second, I had no systematic and 
repeatable way of measuring an aluminum-packaged device 
that would yield comparable data from inside and outside of 
the glove box.  In other words, even though I could use the 
alligator-clip method to test the aluminum-packaged 
substrates, I found that this technique lent itself to numerous 
difficulties, inconsistencies, and imprecisions.  Third, before I 
could perform a shelf-life test I needed to modify the PLED-
LifetimeTestSuite.llb VI so that it only powered the pixel 
when the VI needed to perform a measurement.  Therefore, by 
the time I had addressed all of the aforementioned issues, the 
substrates had remained idle in the glove box for nearly three 
months, so I simply chose to discard the substrates and start 
fresh. 
 
IX. SECOND EXPERIMENTAL ITERATION 
A. Fabrication and Passivation Procedure 
The lessons learned from the first experimental iteration 
provided me with numerous ideas that could potentially 
improve the performance of the packaged devices.  Aside from 
minor changes, the procedure for the second experimental 
iteration still remains nearly the same as the procedure for the 
first experimental iteration, so for the sake of simplicity, I only 
highlight the most important similarities and differences 
between the two experimental procedures.  However, for a 
complete understanding of the fabrication and passivation 
procedure, please refer to the first experimental iteration.   
 
Polymer LED Fabrication 
Since the unpackaged devices performed so spectacularly 
during the first experiment, I chose not to modify much of the 
fabrication procedure.  For this experiment, however, fabricate 
two additional substrates (one designated for indium 
passivation and the other designated for aluminum tape 
passivation) – I will save these substrates for demonstration 
purposes at the senior project exhibition.  Therefore, fabricate 
a total of eight substrates: two control substrates, three indium-
passivated substrates, and three aluminum-passivated 
substrates. 
Additionally, while any number of factors (such as the batch 
of polymer, the evaporation temperature, etc.) may have 
resulted in the outstanding performance of the unpackaged 
LEDs during the last experiment, I believe that the deposition 
of silver on top of the calcium cathode had the strongest 
influence; therefore, once again, deposit about 2500 Å of 
silver on top of the calcium. 
 
Indium Passivation 
Three substrates designated for indium passivation will need 
twelve pieces of indium foil – one for each pixel on each of the 
substrates.  You should have a sufficient number of pieces 
remaining from the last experiment, but if necessary, cut 
additional pieces from the roll of indium foil and transfer them 
into the glove box. 
As discussed previously during the first experiment, I feel 
that the hot plate with a temperature of 180-190°C could not 
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Fig. 15.  The operating-life test results of an aluminum-packaged device 
outside of the glove box. This pixel ran for 13.5 hours at a current of 0.9 mA 
with the resulting (a) luminance and (b) efficiency shown above. Note that 
due to variances in the testing procedure, the values in these plots represent, 
at best, a relative measurement of the device performance.  Therefore, for 
these plots, the vertical axes remain dimensionless. 
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melt the indium on top of the calcium quickly enough 
(although I forgot to record the actual times, I recall that the 
previous substrates sat on the hot plate for at least 2 to 5 
minutes).  I hypothesize that increasing the hot plate 
temperature to reduce the time that the substrates sit on the hot 
plate will improve the performance of the packaged devices.  
Therefore, for this experimental iteration increase the hot plate 
temperature to 200°C, and remember to record the length of 
time that the substrates sit on the hot plate.  After indium 
passivation, characterize each of the pixels. 
 
Aluminum Tape Passivation 
Recall that during the first experiment I could not use a test 
jig to test the aluminum-packaged devices.  Not only did this 
make performing measurements particularly difficult, but also 
any of the packaged-substrate data that I obtained using the 
“alligator clip method” could not directly compare to the 
unpackaged-substrate data that I obtained using the test jig.  
However, I noticed that I could potentially use the test jig if I 
cut the aluminum tape square about 1 mm shorter on each of 
its sides, effectively reducing the aluminum tape square from 
the original dimensions of 24 mm by 24 mm to 22 mm to 22 
mm.  Thus, for the three substrates designated for aluminum 
tape passivation, clean and cut at least three 22 mm by 22 mm 
squares from the roll of aluminum duct tape.  Transfer the 
aluminum tape squares into the glove box, and package the 
appropriate devices as done previously in the first experiment.  
After aluminum-tape passivation, characterize each of the 
pixels. 
  
B. Testing Procedure 
As with the last section on the fabrication and passivation 
procedures, this section only discusses the most significant 
similarities and differences between the testing procedures of 
the first and second experimental iterations.  Therefore, for a 
complete understanding of the testing procedure, please refer 
to the respective section in the first experimental iteration. 
After packaging the devices and performing the post-
passivation characterizations, complete operating-life and 
shelf-life tests on the indium and aluminum-packaged devices 
both inside and outside of the glove box.  During the first 
experimental iteration, I discovered that the computer systems 
would switch into standby mode after remaining idle for an 
hour thus preventing LabVIEW from taking any 
measurements.  Therefore, before starting any tests lasting 
more than one hour, ensure that you disable the screen saver 
and any power management settings on the computers. 
 
Operating-Life Test for the Indium-Passivated Substrate 
The operating-life test procedure for the indium-packaged 
substrates remains practically identical to the procedure in first 
experimental iteration.  However, in addition to these steps, 
prevent external light from entering the external test jig by 
surrounding the test jig with an opaque cloth.  
 
Operating-Life Test for the Aluminum-Passivated Substrate 
After reducing the dimensions of the aluminum tape square 
used in aluminum passivation, I could successfully use the test 
jig, rather than the alligator clips, to contact the pixels for 
performance metrology.  Thus, you can now directly compare 
the data from the aluminum-packaged substrates with any 
other data that you obtain using the test jig. 
Obtain an aluminum-packaged substrate designated for the 
operating-life test, and load it into the test jig.  Manually 
operate each of the pixels to ensure that they work and to 
select the pixel on which you want to perform the operating-
life test.  Load the PLED-LifetimeTestSuite.llb VI in 
LabVIEW.  Record the data for at least 10 hours while 
providing a constant current of 0.9 mA.  Provide any other 
necessary parameters for the VI and begin the test. 
Next, perform the operating-life test outside of the glove 
box.  Preconfigure the external test jig and LabVIEW so that 
you can begin environmental testing immediately after you 
remove your substrate from the glove box.  Based on your 
observations from manually operating the devices in the glove 
box, choose another pixel on which to perform the operating-
life test outside of the glove box.  Take the aluminum-
passivated substrate out of the test jig in the glove box.  
Transfer the substrate through the ante chamber, and record 
the date and time at which the substrate contacts atmospheric 
gases.  Immediately place the substrate into the external test 
jig, ensure that the device works by manually supplying 
current to the pixel, and then begin the lifetime test using 
LabVIEW. To prevent external light from entering the test jig, 
wrap the test jig with an opaque cloth 
 
Shelf-Life Test for the Indium-Passivated Substrate 
The shelf-life test for the indium-passivated substrates 
follows nearly the same procedure that you used in the first 
experiment with one important distinction.  During the first 
experiment I chose not to perform shelf-life tests on either the 
control or the packaged substrates while they remained in the 
glove box.  I felt that the inert atmosphere of the glove box 
would maintain the substrates for far too long to observe any 
measurable change in pixel performance over a shelf-life test 
spanning only five to seven days.  In other words, I suspected 
that I would need to run a shelf-life test for a much longer 
period of time in order to obtain useful data, so I decided to 
scrap the test.  However, I later realized that I needed control 
data against which I could compare the results obtained from 
shelf-life test on a packaged substrate outside of the glove box.  
Therefore, in addition to the instructions outlined in the first 
experimental iteration, make sure to perform a shelf-life test on 
a control substrate and on an indium-packed substrate inside of 
the glove box. 
 
Shelf-Life Test for the Aluminum-Passivated Substrate 
Using the test jig to test the aluminum-packaged devices 
simplifies the shelf-life test measurements considerably.  With 
the external test jig setup and the LabVIEW VI modified for 
performing shelf-life tests, you should not have to contend 
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with any of the issues you encountered in the first experiment. 
Therefore, select the aluminum-passivated substrate 
designated for the shelf-life test, and place it into the test jig 
inside of the glove box.  Manually operate each of the pixels to 
determine the pixel on which you want perform the test.  Load 
the PLED-ShelfLifeTestSuite.llb VI, and configure it so that it 
only performs measurements (one measurement at 4 V and 
another measurement at 0.2 mA) once every hour for at least 
five days.  Begin the test. 
Choose another pixel on which you will perform a shelf-life 
test outside of the glove box.  Before removing the aluminum-
packaged substrate from the glove box, however, pre-
configure the external test jig and LabVIEW.  Set up 
LabVIEW so that it takes measurements once every hour.  
However, since the pixels will likely fail more quickly outside 
of the glove box, only perform this test for two days.  Take the 
aluminum-packaged substrate out of the test jig inside of the 
glove box.  Transfer the substrate through the ante chamber, 
and record the date and time at which the substrate contracts 
atmospheric gases.  Load the substrate into the external test 
jig, and start the test. 
 
C. Results 
This section discusses the fabrication, passivation, and 
testing results obtained during the second experimental 
iteration.  For clarity, I may repeat certain parts previously 
outlined in the experimental procedure section – understand 
that I do this intentionally in order to distinguish any 
deviations from the original procedure. 
 
Polymer LED Fabrication 
With Professor Braun’s assistance, I processed eight 
substrates to use for the second experimental iteration.  We 
generally followed the steps outlined in the EE 422 Lab 
Manual to fabricate the LEDs.  I obtained eight new substrates 
– three for indium passivation, three for aluminum tape 
passivation, and two control substrates with no passivation.   
Before applying PEDOT, I performed a final substrate clean 
and activated the ITO by running the UV ozone cleaner for 15 
minutes.  I set the maximum spin coater speed to 8000 rpm for 
60 seconds, and I set the hot plate temperature to 125°C.  
Using a pipette, I deposited the PEDOT onto each substrate 
and then immediately started the spin coater.  When the spin 
coater stopped, I removed the substrate and placed it onto the 
hot plate for 15 minutes.  After repeating this process for the 
seven remaining substrates, I transferred them into the glove 
box. 
According the procedure I should have dissolved and 
prepared a fresh batch of OC1C10-PPV for this experiment.    
Around the time of this experiment, however, an EE 422 class 
had just finished fabricating their devices.  Therefore, in order 
to save time and resources, I chose to use some of the class’ 
remaining polymer, which they had prepared two weeks prior 
on October 15, 2009.  Professor Braun informed me that the 
slightly older polymer shouldn’t affect device performance 
significantly – in fact, another student’s experiments have 
shown that some of the older OC1C10-PPV batches (from past 
fabrication runs) actually performed better than a new batch. 
Before using the using the class’ batch of OC1C10-PPV, I 
first needed to warm it up to 50°C using a hot plate.  Once the 
polymer reached this temperature, I deposited and 
subsequently spun about 0.5 ml of OC1C10-PPV solution onto 
each of the substrates.  After coating the substrates, I 
transferred them through the T-chamber into the left glove 
box.  I accidentally forgot to label the substrates, so instead I 
kept track of each substrate’s number by noting its position in 
the substrate holder.  Table III lists how I packaged each 
substrate (or if I left it unpackaged as a control substrate) and 
whether I designated each substrate for an operating-life test, 
for a shelf-life test, or for demonstration purposes at the senior 
project exhibition on December 4, 2009.   
After cleaning and preparing the evaporator, Professor 
Braun placed two pellets of silver into the tantalum boat and 
three pieces of calcium into the tungsten boat.  He then 
reassembled the evaporator and started the pumping process to 
evacuate the chamber before we began the evaporations.   
We first evaporated 2361 Å of calcium onto the substrates, 
nearly half the amount that we deposited during the first 
experiment.  Fig. 16a plots the calcium thickness at various 
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Fig. 16.  (a) The thickness of the calcium, and (b) the thickness of the silver 
at various intervals during the evaporation process.  These values represent 
the film thicknesses on the quartz crystal thin-film thickness sensor, not the 
thicknesses of the metals directly on the substrates.  For the calcium 
evaporation we opened the shutter at 125 Å and closed it at 2486 Å, thus 
yielding a final calcium thickness of 2361 Å. For the indium evaporation we 
left the shutter open at the start of the evaporation and closed it at 2543 Å, 
thus yielding a final calcium thickness of 2543 Å.  
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intervals during the evaporation process.  I initially wanted to 
evaporate about 2500 Å of calcium onto the substrates, but as 
the plot shows, we came up slightly short.  I don’t believe, 
however, that this slightly thinner calcium layer will affect 
device performance significantly.  Immediately after 
depositing the calcium, and without breaking the vacuum 
within the evaporator, we deposited 2543 Å of silver on top of 
the calcium.  Fig. 16b plots the thickness of the silver as the 
process progressed.  After the evaporations, we removed the 
substrates from the evaporator and began post-fabrication 
testing. 
 
Post-Fabrication 
During the first experimental iteration we had observed 
some of the brightest and most efficient LEDs ever produced 
using this batch of OC1C10-PPV.  I had originally hypothesized 
that the addition of the silver on top of the calcium cathode 
yielded this improvement, and the results of this fabrication 
run certainly support this claim.   
Fig. 17 plots the post-fabrication luminance and efficiency 
values for each pixel at an LED voltage of 5V.  On average, 
these pixels ran at 7.33 mA, and they had an average 
luminance of 2265 cd/m2 and an average efficiency of 0.659 
lm/W.  Compared to the results from the last experimental 
iteration, this fabrication run produced LEDs with nearly 1.6 
times the efficiency at about 2.8 times the luminance; and 
compared to a typical LED fabricated in EE 422, these pixels 
performed 11.3 times brighter and 4.5 times more efficiently! 
Fig. 18 plots the post-fabrication luminance and efficiency 
values for each pixel at an LED current of 0.9 mA.  At this 
lower current, the pixels ran at an average voltage of 3.35 V, 
and they had an average luminance of 285.4 cd/m2 and an 
average efficiency of 0.974 lm/W.  As with the post-
fabrication results from the first experiment, I observed that at 
lower currents and voltages the pixels seemed to perform more 
uniformly.  However, at higher voltages and currents, the 
exponential nature of the diode clearly distinguishes the better 
pixels of the batch. 
 
Indium Passivation 
Recall that during the first experiment I had set the hot plate 
temperature to 185°C in hopes that the indium would melt 
more quickly than it did during the preliminary experiments of 
the previous quarter.  Even at this temperature, however, I 
noticed that the indium wouldn’t melt until after the substrate 
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Fig. 17.  (a) Pixel luminance at constant LED voltage of 5V.  (b) Pixel 
efficiency at a constant LED voltage of 5 V.   
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Fig. 18.  (a) Pixel luminance at a constant LED current of 0.9 mA.  (b) Pixel 
efficiency at a constant LED current of 0.9 mA. 
  
TABLE III 
SUBSTRATE PASSIVATION METHOD AND TEST DESIGNATION  
Substrate # Indium Aluminum Tape Control 
1 - - Operating Life 
2 - - Shelf Life 
3 Operating Life - - 
4 Shelf Life - - 
5 - Operating Life - 
6 - Shelf Life - 
7 Demonstration - - 
8 - Demonstration - 
This table lists how I packaged each substrate (or if I left it unpackaged 
as a control substrate) and whether I designated the substrate for an 
operating-life test, for a shelf-life test, or for demonstration purposes at the 
senior project exposition. 
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sat on the hot plate for at least two to five minutes, and the 
resulting devices performed rather poorly, if at all.  Therefore, 
for this experiment I hypothesized that increasing the hot plate 
temperature to 200°C would melt the indium more quickly 
thus doing less harm to the device materials. 
I passivated three substrates using the indium passivation 
procedure: substrate #3 sat on the hot plate for 90 seconds, 
substrate #4 sat on the hot plate for 40 seconds, and substrate 
#7 sat on the hot plate for 32 seconds.  I had assumed that the 
hot plate heated evenly across its entire surface, so I initially 
placed substrate #3 at the outer edge of the hot plate.  
However, even at a hot plate temperature of 200°C I noticed 
that the indium simply would not melt.  Professor Braun then 
suggested that I push the substrate to the center of the hot 
plate, and once I did this, the indium immediately melted.  I 
repeated this improved procedure for substrate #4 and 
substrate #7, and this seemed to reduce the amount of time that 
the substrates sat on the hot plate considerably. 
When I finally tested these devices, though, I didn’t observe 
much improvement over the indium-packaged LEDs from the 
first experiment.  While the indium did indeed melt faster than 
before, I believe that the higher hot plate temperature caused 
the indium to melt and flow almost too much.  Based on my 
observations, it appeared that the melted indium may have 
displaced, or more likely replaced, some of the calcium at the 
cathode. 
While operating the devices at lower voltages, I noticed the 
pixel spotted with tiny specks of bright light, but when I 
increased the voltage even more, the rest of the pixel area 
began emitting light.  I suspect that the initial bright speckled 
pattern resulted from the remaining indium at the cathode, and 
the rest of the pixel area filled in with light at higher voltages 
once the indium started to act as a cathode.  Also, the fact that 
the polymer beyond the typical contour of the pixel began 
emitting light certainly suggests that indium started acting as a 
cathode at higher voltages.  Unfortunately, however, this 
additional light effectively increased the surface area of the 
pixel, so all of the efficiency and luminance values that 
LabVIEW calculated for the indium-packaged substrates no 
longer remained valid. 
Although I can’t provide conclusive luminance or efficiency 
results for these pixels, I can show a relative comparison of 
each pixel’s performance based on how long the substrates sat 
on the hot plate.  Fig. 19 shows, at 5 V, each pixel’s luminance 
and current.  Although the data may not indicate a very strong 
correlation, the pixels of substrate #7, which sat on the hot 
plate for the shortest amount of time, seemed to perform 
slightly better than any of the other pixels - this result indicates 
that the shorter a substrate sits on the hot plate, the better it 
performs.   
Also notice that I have results for only pixel 3a and pixel 3d 
on substrate #3.  When I packaged this device, I inadvertently 
pulled the substrate off of the hot plate before the indium on 
either pixel 3b or pixel 3c could fully melt.  Therefore, I 
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(b) 
Fig. 19.  This graph depicts a relative comparison of each substrate’s 
performance at 5 V based on how long the substrate sat on the hot plate.  (a) 
shows that, on average, the pixels on substrate #7 emitted the most light, but 
as (b) shows, the pixels on substrate # 7 also required more current to attain 
these luminances. 
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Fig. 20.  With the pixels operating at 5 V, this graph illustrates how the 
addition of the aluminum packaging reduces (a) the pixel’s luminance by an 
average of 95.9% and (b) the pixel’s efficiency by an average of 63.7%. 
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decided not to include their data in the graphs of Fig. 19.  
Additionally, the lack of light and zero current flowing though 
pixel 3b most likely indicate an open circuit in that pixel.  
 
Aluminum Tape Passivation 
I passivated three substrates, for a total of 12 LEDs, using 
the aluminum tape passivation procedure.  Since I had 
practiced this procedure before, the passivation process went 
more smoothly than it did during the first experiment.  After 
packaging, I immediately characterized the three substrates 
using the test jig and the LabVIEW test suite. 
Fig. 20 illustrates how the aluminum packaging reduced the 
luminances and efficiencies of the pixels.  The addition of the 
aluminum tape passivation caused the average pixel’s (at 5V) 
luminance to fall from 2360 cd/m2 to 97 cd/m2, or a 95.9% 
drop in luminance.  Likewise, the added packaging caused the 
average efficiency to drop from 0.670 lm/W to 0.243 lm/W, or 
a 63.7% drop in efficiency.  Thankfully, however, my pre-
packaged devices performed well, otherwise the post-
passivation luminances and efficiencies may have dropped to 
minuscule values. 
Fig. 21 and Fig. 22 plot the current and luminance 
characteristics of pixel 5a, one of the best performing pixels in 
this batch, before aluminum tape passivation and after 
aluminum tape passivation.  These graphs reveal that before 
packaging, this pixel had a turn-on voltage of around 2.75 V, 
whereas after packaging, the pixel’s turn-on voltage increased 
by 55% to around 4.25 V.  Additionally, when tested at 5 V, 
this pixel suffered a 94.9% drop in luminance and a 48.9% 
drop in efficiency.  Plainly stated, adding the aluminum 
packaging badly damaged the device materials resulting in a 
severe loss in performance.  From a more positive perspective, 
though, the added packaging simply brought the outstanding 
luminance and efficiency levels down to values that we 
typically see in the lab.  
 
Operating-Life Test for the Indium-Passivated Substrate 
As described in the results section on indium passivation, 
the indium packaging caused the devices to emit light from 
areas outside the normal 3.75 mm2 region beneath the calcium 
cathode.  I could still potentially run operating-life or shelf-life 
tests on the indium-packaged substrates and evaluate the 
change in light level relative to the starting luminance (despite 
the change in effective pixel area), but the light “emitting” 
from the indium would flaw the data since this project does not 
assess the effectiveness of indium as a cathode.  In other 
words, even if the calcium cathode failed during operation, the 
device would continue to output light from the indium thus 
indicating that the pixel still works!  Furthermore, when I 
demonstrated the indium-packaged substrates outside of the 
glove box during the senior project exhibition, I observed that 
even as the calcium began to fail, the indium continued to 
operate as a cathode for the devices.  Due to these difficulties, 
I chose not to complete operating-life or shelf-life tests for the 
indium-packaged substrates.   
 
Operating-Life Test for the Aluminum-Passivated Substrate 
During the first experiment, I performed operating-life tests 
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(b) 
Fig. 21.  The current and luminance characteristics of pixel 5a before 
aluminum tape packaging. 
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Fig. 22.  The current and luminance characteristics of pixel 5a after 
aluminum tape packaging. 
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on an aluminum-packaged substrate inside and outside of the 
glove box; however, since I couldn’t use the test jigs to 
analyze the devices, the resulting data only revealed how 
quickly the LED performance decreased relative to the peak 
values.  While this information certainly demonstrates how 
long a aluminum-packaged pixel takes to decrease in 
luminance by 50%, one of the primary objectives of this 
project, I still wanted to quantify the actual performance 
values during an operating-life test.   
Fig. 23 plots the how the voltage, luminance, and efficiency 
of pixel 5a change, at a constant current of 0.9 mA, throughout 
the length of an operating-life test inside of the glove box.  
Unlike the dimensionless data obtained during the operating-
life tests of the first experiment, these plots indicate the actual 
performance values.  Fig. 23a implies that as the pixel 
operated, current pathways within the pixel continued to break 
causing the device’s resistance, and thus the voltage across the 
device, to increase.  Fig. 23b shows that the packaged pixel 
had a maximum luminance of 115 cd/m2 and that it took 2.73 
hours for this luminance to fall to 50% of this peak value.  Fig. 
23c shows that it took 2.18 hours for the pixel’s efficiency to 
drop to 50% its peak value of 0.269 lm/W. 
In order to evaluate how the packaging affects the operating 
performance of the device, I need to compare the packaged 
data with the unpackaged control data during a lifetime test 
inside of the glove box, as shown in Fig. 24.  As seen from this 
figure, the unpackaged control device actually failed at a much 
faster rate than the aluminum-packaged pixel; in fact, at 1.82 
hours the control device reached a maximum voltage of 12.7 V 
and failed completely.  From Fig. 24b we can see that the 
control device’s luminance fell to 50% its peak value of 250 
cd/m2 in only 0.825 hours.  Likewise, Fig. 24c shows that the 
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(c) 
Fig. 23.  The voltage, luminance, and efficiency measurements during a 
lifetime test of pixel 5a on an aluminum-packaged substrate inside of the 
glove box. 
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(c) 
Fig. 24.  The voltage, luminance, and efficiency measurements during a 
lifetime test of pixel 1a on a control substrate inside of the glove box. 
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pixel’s efficiency fell to 50% its peak value of 0.447 lm/W in 
just 0.616 hours. 
Comparing the operating-life results from the packaged 
device in Fig. 23 and the unpackaged device in Fig. 24, we can 
see that the packaged pixel maintained its luminance 4.5 times 
longer and its efficiency 3.5 times longer than the unpackaged 
pixel.  Additionally, even though the unpackaged pixel started 
with a peak luminance of 250 cd/m2, whereas the packaged 
pixel had a peak luminance of 115 cd/m2, the unpackaged 
pixel still managed to fall to 30 cd/m2 in only 1.69 hours while 
the packaged pixel took 3.93 hours to fall to this same 
luminance.  I attribute this significant improvement in 
operating-life performance to the packaging’s ability to 
dissipate heat, which I suspect harms the polymer or calcium 
cathode, away from the device – in other words, the aluminum 
passivation acts as a heat sink.  Unfortunately, I cannot 
completely confirm this theory unless I understand the heat 
characteristic of the device as a function of operating voltage 
or current. 
 
Shelf-Life Test for the Aluminum-Passivated Substrate 
Up to this point, I had not yet performed any shelf-life tests 
on the devices for reasons explained in the results section of 
the first experiment.  After addressing these issues, though, I 
felt sufficiently prepared to begin a shelf-life test lasting five 
or more days.  As we have seen from the lifetime test results, 
even operating a pixel reduces its performance.  For the shelf-
life test, I want to prolong the life of the devices by reducing 
the number of measurement samples over the length of the test 
and by changing the test current from 0.9 mA to 0.1 mA. 
I first performed shelf-life tests on a control device and on 
an aluminum-packaged device while the substrates remained in 
the glove box.  I expected the devices to survive in this inert 
atmosphere with minimal performance attenuation for a 
relatively lengthy amount of time.  So in order to observe any 
meaningful change in performance, I chose to run the tests for 
about six days. 
Fig. 25 plots the shelf-life data obtained for control pixel 2d.  
Observe in Fig. 25a the sawtooth-like change in voltage as 
time progressed during the test.  Based on a start time of 4:17 
pm on November 23, 2009, I determined that each day from 
about 9 am to 11 am the voltage would peak, and from 2 pm to 
4 pm the voltage would drop to a daily minimum.  I suspect 
that this pattern resulted from a change in the atmospheric 
temperature inside of the glove box; although, I expected the 
pixel to reach its daily peak voltage in the early afternoon 
(highest ambient temperatures) and its daily minimum voltage 
in the early morning (lowest ambient temperatures).  Possibly, 
however, the change of temperature inside of the lab, and thus 
inside of the glove box, may have coincided with the operation 
of the building’s HVAC system. 
Over the test period of 143.4 hours, Fig. 25a shows that the 
pixel voltage increased by 9% from 3.54 V to 3.85 V when run 
at 0.1 mA.   Assuming that the pixel performance degraded 
linearly with time and that the voltage increase primarily 
resulted from the aging of the pixel (rather than the influence 
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(b) 
Fig. 25.  The voltage and luminance measurements during a shelf-life test of 
pixel 2d on a control substrate inside of the glove box. 
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(b) 
Fig. 26.  The voltage and luminance measurements during a shelf-life test of 
pixel 6a on an aluminum-packaged substrate inside of the glove box.  
During this test, the computers went idle forcing all of the data to plot at 18 
and 143 hours into the test (times at which we manually “woke up” the 
computer). 
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of performing measurement), then this data shows that the 
voltage increases at a rate of about 2.12 mV/hr or 50.9 
mV/day.   
Fig. 25b demonstrates that the luminance data varies greatly 
over the length of the test.  I plotted a line that best fits the data 
indicating that the luminance decreased by approximately 
0.0389 cd/m2 per hour or 0.934 cd/m2 per day.  However, 
using Microsoft Excel’s statistical analysis tools, I determined 
that the data has a standard deviation of 1.61 cd/m2 away from 
this linear approximation – a significant error considering the 
overall domain of this data.  Regardless, at this rate I expect 
that the pixel would cease to produce light (at a current of 0.1 
mA)  about 9 to 11 days after the start of this test. 
Clearly, I must also consider the realistic possibility that the 
action of operating and measuring the pixel harms the device.  
So to better understand how well a pixel performs over its 
shelf life, I would ideally have to complete this test over a 
much longer period of time, perform less-frequent samples, 
and operate the device at lower currents. 
Fig. 26 shows the voltage and luminance measurements of 
aluminum-packaged pixel 6a during a shelf-life inside of the 
glove box.  Unfortunately, the computer running the automated 
data acquisition went idle midway though shelf-life test, so 
only after we woke up the system (at about 18 and 143 hours 
into the test) did LabVIEW continue to properly record the 
data.  As you can see from the figure, at 18 and 143 hours into 
the test, LabVIEW plotted all of its previously stored voltage 
and luminance measurements.  Even though I cannot 
determine which data points correspond to each sample time, I 
can estimate the rate of voltage and luminance change from the 
two sets of data at 18 hours and 143 hours into the test. 
The linear approximation of the LED voltage data in Fig. 
26a demonstrates that the aluminum-packaged pixel changes in 
voltage at nearly the exact same rate as the control pixel.  This 
finding supports the possibility that the aluminum-tape 
packaging does not affect how the device materials degrade 
over time.  A comparison between the voltage data of the 
control and aluminum-packaged devices reveals that 
application of this passivation method only initially damages 
the pixel (as indicated by the higher starting voltage), but after 
passivation, the device degrades as it normally would. 
On the other hand, the linear approximation in Fig. 26b 
shows that the luminance of the aluminum-packaged device 
actually increased over the shelf-life test.  However, 
considering the flawed representation of the data over time, I 
do not fully trust that this linear regression accurately 
represents the real performance of the pixel.  At best, I believe 
that the aluminum packaging managed to maintain the pixels 
brightness over time - a suggestion that certainly agrees with 
the outcome from the lifetime test where the aluminum 
packaging prolonged the operating life of the pixel.  
After performing the shelf-life tests inside of the glove box, 
I removed the aluminum-packaged substrate for environmental 
testing.  Since I didn’t expect the pixels to survive very well in 
this environment (and because I didn’t have much time 
remaining) I decided to run this shelf-life test for only one day.  
Furthermore, I never had the chance to calibrate the 
photodiode for the external test jig, so the resulting data only 
provides dimensionless measurements of the pixel 
performance.  Fig. 27 plots the voltage, luminance, and 
efficiency data obtained during this test.  Upon removing the 
aluminum-packaged substrate from the external test jig, I 
observed that practically no light emitted from the pixel; 
therefore, the final data point in each of the plots in this figure 
represents an essentially dead pixel. 
As seen from Fig. 27b, the pixel’s luminance decreased to 
50% its peak value in only 9.07 hours; thus, the aluminum-
packaged substrate fell significantly short of the 7-day shelf-
life goal.  Likewise, Fig. 27c shows that the efficiency of 
aluminum-packaged device fell to 50% its peak value after 
8.57 hours. 
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Fig. 27.  The voltage, luminance, and efficiency measurements during a 
shelf-life test of pixel 6b on an aluminum-packaged substrate outside of the 
glove box. 
  
Senior Project, Fall 2009 
 
23 
X. CONCLUSION 
This project successfully demonstrated the use of indium 
and aluminum tape as effective packaging methods for 
polymer light-emitting diodes.  In retrospect, however, I 
believe that I had unrealistically high expectations for these 
passivation techniques considering that neither approach even 
came close to achieving the design specifications.  Clearly, the 
indium and aluminum passivate the calcium cathode of the 
device, but not nearly to the extent that I had hoped for.  
Nevertheless, this project also produced some the highest 
performing LEDs ever seen in the Polymer Electronics Lab 
thus providing students with further senior project 
opportunities. 
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